Estimation of CO2 Pipeline Transport Cost in South Korea Based on the Scenarios  by Kang, Kwangu et al.
 Energy Procedia  63 ( 2014 )  2475 – 2480 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of GHGT-12
doi: 10.1016/j.egypro.2014.11.270 
GHGT-12 
Estimation of CO2 pipeline transport cost in South Korea based on 
the scenarios 
Kwangu Kang*, Cheol Huh, Seong-Gil Kang, Jong-Hwa Baek, Hyon Jeong Noh 
Korea Research Institute of Ships and Ocean Engineering, 1312 Yuseong-daero, Yuseong-gu, Daejeon 305-343, Korea 
Abstract 
This study estimates the least cost CO2 pipeline specifications and corresponding transport costs for the offshore CCS in South 
Korea by using engineering-economic model. The major design factors are diameters and thicknesses of pipeline, number of 
boosters, and pressure conditions. First this study sets up three transport scenarios which are divided by the combination of three 
CO2 capture plants. The storage site is fixed Ulleung Basin whose storage capacity is estimated to around 5 GtCO2. The capture 
rates of CO2 at each plants are assumed to be 1 MtCO2/y ~ 3 MtCO2/y. We calculate the pressure losses, number of boosters, 
thicknesses of pipeline and corresponding pipeline costs for eight diameters of pipeline in the range of 6 inch to 20 inch in 2 inch 
steps to comply with the standard pipe size. The pipeline diameter that shows minimum cost is selected as an optimum pipeline 
diameter. Scenario 1 has only one capture site, Boryeong Thermal Power Plant. The onshore and offshore transport route lengths 
are 470 km and 60 km, respectively. The optimum pipeline diameters at the transport rate of 1 MtCO2/y and 3 MtCO2/y are 8 inch 
and 14 inch, respectively. The required number of boosters at the transport rate of 1 MtCO2/y and 3 MtCO2/y are 2 and 1, 
respectively. The estimated transport costs at the transport rate of 1 MtCO2/y and 3 MtCO2/y are $23 and $11, respectively. The 
scale up effect significantly reduces the transport cost at 3 MtCO2/y compared to 1 MtCO2/y. Scenario 2 has same transport route 
with Scenario 1, but has additional capture plant at Hadong in the midway of route. The cost per unit CO2 of Scenario 2 is lower 
than Scenario 1 due to the scale up effect. Scenario 3 has two capture plants, one is Boryeong Power Plant and the other is Samcheok 
Power Plant. Unlike Scenario 2, the transport route is not overlapped except the offshore route. The CO2 transported from two 
power plants get together at Ulsan Harbor and are transported to offshore pipeline. Because of non-overlapping two transport routes 
in onshore section, the overall cost is comparable to Scenario 1. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of GHGT. 
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1. Introduction 
The total CO2 emissions from fuel combustion in Korea in 2010 are as high as 563.1 MtCO2/y [1]. Therefore, Korea 
government set the goal of mitigating greenhouse gas emissions by 30% on the basis of BAU by 2020 [2], and Carbon 
Capture and Storage (CCS) will play an important role in achieving mid-term greenhouse gas reduction goal [3]. 
According to Korea CCS Plan [3], CCS demonstration project is planned to start at scale of 1 MtCO2/y in 2017, and 
by 2030 CCS project in Korea would scale up to 32 MtCO2/y which corresponds to 10 % of mitigation goal. Many 
power plants (PP) based on fossil fuel should adopt CCS to meet the emission reduction goal. Since it takes a large 
amount of costs and energy to build and operate the CCS project, the accurate estimation of CCS cost is very important. 
Because the costs of CO2 capture occupy more than 50% of total CCS costs, there have been many studies about 
the CO2 capture cost. According to the recent reports [4, 5, 6], the CO2 capture costs are $50~ $81. Due to the high 
dependency of capture costs on geological factors, the CO2 capture costs at different locations show small differences, 
whereas the costs of transport and storage highly depend on the geological factors. The key factors of the CO2 transport 
costs are transport methods, transport rates, onshore vs. offshore, distance, etc.  
This study estimates the CO2 transport costs of Korea in different transportation routes by using engineering-
economic model. This study first sets up three CO2 transport scenarios consisting of three PPs and one storage site. 
The pressure and temperature condition at each stage of transport are assumed first according to the engineering aspects 
and least cost specification of equipment are determined as optimum one.  
2. CO2 transport scenarios 
This study sets up three CO2 transport scenarios consisting of three capture plants and one storage site as shown in 
Fig. 1. The wet type and the dry type CO2 capture technologies compete in Korea and it is not yet determined whether 
one or both types would be selected as final investment decision. Since the wet type capture technology is mature 
technology, Boryeong PP that is based on wet type technology is included in all scenarios. Hadong PP and Samcheok 
PP which are based on dry type technology are included in Scenario 2 and 3, respectively. The storage site is fixed to 
Ulleung Basin in all scenarios. Since Korea is very populated and no large saline aquifer suitable for CCS has been 
found in onshore, only offshore is considered as a storage site. Scenario 3 includes hub terminal at Ulsan. The transport 
distances are listed in Table 1.  
To avoid the high mountains that are located in the center of Korean Peninsula, the transport route from Boryeong 
PP to storage site detours along the plain areas around the coastline as shown in Fig. 1 (a). The transport routes of 
Scenario 2 is same with the route of Scenario 1 except the CO2 adding in Hadong PP which is located in the middle 
of route. In Scenario 3, Boryeong and Samcheok PPs are located in west coast and east coast of Korean Peninsula, 
respectively, as shown in Fig. 1 (c). The hub terminal is set up in Ulsan harbor where nearest harbor to storage site.  
 
 
Fig. 1. Pipeline transport routes and locations of power plant, hub terminal, and storage sites in South Korea.  
(a) Scenario 1; (b) Scenario 2; (c) Scenario 3. 
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Table 1. Transport distances of Scenarios. 
Scenario # From/To Distance (km) 
Scenario 1 Boryeong PP/Ulleung Basin 530 
Scenario 2 
Boryeong PP/Hadong PP 280 
Hadong PP/Ulleung Basin 250 
Scenario 3 
Boryeong PP/Ulsan Hub 470 
Samcheok PP/Ulsan Hub 250 
Ulsan Hub/Ulleung Basin 60 
 
 
3. Pipeline cost calculation method 
 
The captured CO2 at the capture system is compressed to supercritical or liquid phase and then is pumped to around 
150 bar, which is assumed to the maximum pressure not to exceed the allowable pressure of ASME-ANSI 900# 
flanges. [7]. The compressed CO2 is transported through onshore pipeline until the booster station at the entrance of 
offshore pipeline. The minimum pressure in the pipeline is set to 86 bar [7, 8]. When the pressure in the onshore 
pipeline drops below 86 bar, a booster is installed. The CO2 is also pumped at the entrance of offshore pipeline to 
meet the injection well head pressure of 100 bar. It is also assumed that CO2 pipeline is buried 1m underground [8]. 
The temperature of CO2 in the pipeline is assumed to 28ć, which is the maximum temperature in summer at 1m 
underground in Korea. [9]  
Since pipe diameter is most important factor in design and cost, many pipeline diameter calculation equations are 
proposed [10]. Instead of determining pipe diameter from a user-given pressure difference, this study calculates the 
pipeline transport cost with the all standard pipe diameters between Nominal Pipe Size (NPS) 6 to NPS 20 in 2 inch 
steps to comply with the standard pipe size. The pressure differences are conversely determined by using Darcy-
Wisbach equation [10] and they are used for the calculation of number of boosters. For each pipe diameters, the 
material costs of pipelines at all API 5X grade materials are calculated to determine the least cost pipeline materials 
and corresponding pipeline thickness.  
The Capital Expenditure (CAPEX) of CO2 pipeline cost can be divided into four categories, namely, materials, 
labor, right of way and miscellaneous. Among various CO2 pipeline cost models, [10], Parker Model [11, 12] is 
adopted, except for the materials cost. The materials cost is directly calculated by multiplying pipeline weight obtained 
from pipe thicknesses by price per ton. The prices of 5LX grade carbon steels are listed in our previous study [13]. 
The pipeline weight is determined by using following equation  [14],  
 tDtLW isteels  US    (1) 
where Ws is pipeline weight, L is pipeline length, Usteel is density of carbon steel, t is pipe thickness, and Di is inner 
diameter. 
Before showing the cost of CO2 pipeline transport for CCS in Korea, we will investigate the effects of diameter, 
and class of materials on transport cost to elucidate the characteristics of cost of CO2 pipeline cost. Figure 2 shows 
the pipeline diameter effect on the pressure drop, number of boosters and costs in the case of 470 km onshore distance 
and transport rate of 3 MtCO2/y. As shown in Fig. 2 (a), the pressure drops through 470 km onshore pipeline 
significantly increases as the diameter of pipe decreases. The increase of pressure drop induces the increase in the 
required number of boosters. In the case of 6 inch pipeline in Fig. 2 (a), the required number of booster is higher than 
100. This high number of booster means 6 inch pipe is unrealistic. Figure 2 (b) shows the CAPEX, OPEX and sum of 
CAPEX and twenty times of OPEX. The reason of twenty times of OPEX is that the operating period of CCS project 
in this study is assumed to be 20 years. As shown in Fig 2 (b), the 14 inch pipe shows the minimum cost. The larger 
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diameter pipes shows higher cost than 14 in pipe but the amount of increased cost is not so high. But in the case of 
smaller pipe diameters, the cost increase is significant because of the increased number of booster as shown in Fig. 2 
(a). 
 
  
Fig. 2. Effect of pipe diameters. (a) Pressure drop and required number of boosters; (b) Cost of CO2 pipeline 
 
Figure 3 shows the class of material effect on the thickness of pipe and the pipeline material cost. The diameter of 
pipe in Fig. 3 is fixed to 14 inch which is determined to be optimum in Fig. 2. In Fig. 3 x-axis represent the material 
strength and y-axis represent the minimum thickness that can hold the CO2 pressure inside the pipe. As shown in Fig. 
3 (a), it is no wonder that the higher strength materials have smaller pipe thicknesses. Fig. 3 (b) shows the pipeline 
material cost that are calculated by Eq. (1), which represents the multiplication of weight and price per ton. However, 
the correlation between the pipeline material costs and material strength is relatively weak as shown in Fig. 3 (b). The 
lower strength materials require higher weight of carbon steels, but the low price of lower strength material 
compensate the higher weights.  
 
 
 
 
Fig. 3. Effect of class of pipe materials. (a) Required minimum thickness; (b) Pipeline material costs. 
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4. Results 
Figure 4 shows the levelized cost of each scenarios at different transport rates. The capital recovery factor is 
assumed as 0.08 with a repayment period of 20 years and 5% interest rate. In Fig. 4, the notations, Onshore, Offshore, 
and Hub represent the costs of onshore pipeline, offshore pipeline, and hub terminal, respectively. The alphabets ‘B’, 
‘H’, and ‘S’ in the x-axis of Fig. 4 represent the Boryeong, Hadong, and Samcheok PPs, respectively, and the numbers 
after the alphabet are the transport rate in terms of MtCO2/y. For example, ‘B1+H3’ represents that the capture plant 
and transport rate are Boyeong PP with 1 MtCO2/y and Hadong PP with 3 MtCO2/y. 
Left two columns in Fig. 4 show the transport costs of Scenario 1. As shown in Fig. 4, the costs of Onshore and 
Offshore pipeline reduce significantly as transport rate increases. The costs of Onshore and Offshore pipelines at 1 
MtCO2/y are $18 and $5, respectively, which correspond to the double of costs at 3 MtCO2/y. The CAPEX is dominant 
in pipeline cost and large diameter pipeline is cost effective in terms of tariff per unit tCO2. The larger pipe diameter 
at 3 MtCO2/y induces the scale effect compared to 1 MtCO2/y. 
Scenario 2 is complicated version of Scenario 1, where CO2 is additionally supplied on the route as shown in Fig. 
1 (b). The calculated costs of Scenario 2 are shown in the middle of Fig. 4. The distance from Boryeong to Hadong 
PP is 280 km which corresponds to the ~53% of total distance. Since the transport rate in the Boryeong-Hadong 
section is smaller than the other section due to the addition of CO2 at Hadong PP, the reduction in cost could be 
expected compared to Scenario 1. However the cost reduction in Scenario 2 is not so much large as shown in Fig. 4, 
because the cost decrease of Onshore Pipeline by decreased transport rate is smaller than the corresponding transport 
rate decrease. The overall cost reduction of Scenario 2 compared to Scenario 1 is due to the increased transport rate. 
The Scenario 3 differ from Scenario 1 or 2 in two aspects; 1) the presence of the Hub at Ulsan Harbor and 2) non-
overlapping two transport routes. We note that only storage tank cost is included in the Hub cost. Small size storage 
tanks which is composed of bundles of parallel pipes are adopted. Though Hub cost is relatively small, the overall 
cost of Scenario 3 is comparable to costs of Scenario 1 because of non-overlapped two routes. 
 
 
 
Fig. 4. Levelized cost of CO2 pipelines of Scenario 1~3.  
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5. SUMMARY 
This study calculates the CO2 transport cost in Korea by using Engineering-Economic method. Three Scenarios are 
composed depending on the location of CO2 capture plants. Scale up effects are noticeable at the costs of onshore and 
offshore pipelines. Scenario 1 has only one capture plant and one storage site. The transport costs of Scenario 1 are 
~$23 /tCO2 and ~$11/tCO2 for pipeline transport of ~530 km at 1 MtCO2/y and 3 MtCO2/y transport rate. Scenario 2 
has similar route with Scenario 1 but has additional capture plant in the midway of route. Because of overlapped 
section in Scenario 2, the costs of Scenario 2 are lower than the costs of Scenario 1. Scenario 3 has non-overlapping 
two onshore transport routes and one hub terminal. Because of long non-overlapping routes, the cost of Scenario 3 is 
not smaller than the costs of Scenario 1 and 2 in spite of small Hub cost.  
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